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SUMMARY 

An investigation has been made at both high a@ low subsonic Mach 
numbers of two  symmetrical  6-percent-thick  airfoil  sections  derived to 
have high maximtllll lift at low speeds.  The  low-speed  portion  (Mach m- 

moment  measurements at Reynolds nufbers of 3 X 10 6 , 6 X 10 6 , and 9 X 10 6 

the models  using two locations of roughness. The high-speed portion of 
the investigation  included  lift, drag, and pitching-moment  measurements 
for a Mach nuniber range of f r o m  about 0.30 to slightly b e l o w  the tunnel 
choking  Mach  mmiber.  Comparisons with the M A  64-006 section  character- 
istics  are  included. 

. bers  below 0.20) of the  investigation  included lift, drag, and pitching- 

r for-the models in the smooth  surface  condition. Data were also taken  for 

For Mach  numbers  below 0.20 both new airfoil sections  had  maxim^ 
section  lift  coefficients  higher than the mCA 64-006, one  being 1.220 
and the  other  being 1.040 as  compared to 0.82 for the NACA 64-006. 
Application of the  leading-edge  type of roughness  caused  reductions in 
the  value of maxhm- lift  for  the new airfoils to approximately  the same 
value as for  other  6-percent-thick  airfoil  sections,  whereas  application 
of  roughness  beginning  at 0.05 chord  resulted in the 8ame maximum lift 
as for the a i r f o i l  in the  smooth  condition. The drag  characteristics  at 
high s~sonic speeds of the  two  sections  showed a marked bprovement 
over  those of previously  investigated blunt-nose airfoils of the same 
family. For .Mach  numbers f r o m  0.30 to 0.65, the  drag polars of the  two 
new sections  had as good or better  characteristtce  as  those of the NACA 
64-006 section. At the  higher  Mach  numbers,  the NACA 64-006 section  had 

above a certain  value  which  decreased  as  the  Mach  number increased. 
- somewhat  lower  drags than the  two  new  sections  for lift coefficients 
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. ca l   a i r fo i l s  design Led t o  
, have high  maxim lift coeff ic ients   a t  l o w  speeds and experimental resu l t s  
. - fo r  t w o  new sections  of--g-percent  thickness ( W A  1-006 and NACA 2-006) 
are  discussed-in  reference 1. The experimental resul ts  showed the new 
sections.to have maximum l i f t  coefficients a t  low speeds (Mach  numbers 
less  than 0.2) of  the  order of 1.3 as compared t o  values  of  about 0.8 
which are .character is t ic  of  more conventional  symmetrical airfoils of 
6-percent  thfcbess. T h i s  rather large gain  in  maximum lift was obtained 
a t  the expense of-some  reduction in   the  Mach  number fo r  drag  divergence. 
--On the  basis of.%he results  obtained for the NACA 1-006 and NhCA 2-006, 

' however, the  supposition was made i n  reference 1 that it m i g h t  be posaible 
. to  derive  other symmetrical a i r f o i l s  of 6-percent  thickness which would 

have maximum liFt coefficients  not much less than those of the NACA 1-006 
and NACA 2-06 but which would have substantially higher drag  divergence 
Mach numbers. The present  investigation was undertaken t o  explore t h i s  
posslbil i ty.  

Two a i r fo i l s  designated NACA 3-006.and NACA 4-06 have been derived 
according t o  the methods described i n  reference 1. These sectfons  differ 
from the NACA 1-006 and NACA 2-006 i n  that  the  bluntness of their  leading 
edges has been somewhat reduced. The resul ts  of a two-dimensional  experi- 
mental  investigation of-"the characteristica o f  these two sections a t  low 
and  high  subsonic  speeds are  presented  herein  together  with  ordinates and 
theoretical  velocity-distribution  data.  Ineluded  in  the low-speed resu l t s  

are  data  for Reynolds numbers a8 high as 9 X 10 and d8ta for  two locations 
of surface roughness. 
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SYMBOIS 

2 
section lift coefficient, gc 

section lift, lb/foot of span 

airfoil chord, f t  

free-stream dynamic pressure, lb/sq f t ,  pV/2 

free-stream velocity,  ft/sec 

free-stream mass density,  slugs/cu f t  
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L section  drag  coefficient, - a 
Cd . qc 

3 

r d section  drag,  lb/foot of span 

section pitching-moment coefficient  about  quarter-chord point 

%C 
section pitching-moment coefficient about  aerodynamic center 

a0 section  angle of  attack, deg 

R free-stream Reynolds number based on a i r f o i l  chord and free- 
stream velocity 

X distance  along  chord as measured from leading edge 

Y distance measured normal to chord l fne  

M free-stream Mach  number, - 
a  free-stream speed of sound, ft /sec - 

Ava local  velocity increment due to angle of attack 

V Local velocity 

$ a i r f o i l  design parameter (ref.  2) 

V 
a 

1 

- 

DERIVATION OF AIRFOILS 

The choice of the NACA 1-006 and W A  2-006 sectians for experimen- 
- t a l  investigation in reference 1 rested upon the reeul ts  of 811 amlytical 
study of the  effect  of  a5rfol l  leading-edge  shape on the low-epeed maxiL 
mum lift coefffcient. This study was bssed on an empirical  correlation 
between the  theoret ical   a i r foi l   pressure  dis t r ibut ion and the  experimental 
maximm lift coefficient aa  determined from tests of some 40 a i r fo i l s .  
With the use of this correlation and the a t f fo i l   theory  of Tbeodorsen 
and Garrick  (ref. 2), the  effect  of leading-edge  bluntneee on-the low- 
spe&maximum l i f t  was systematically staid. The application of the 
Theodorsen4miek  theory in this  case Fnvolvea the expreseion of the’ 
parameter $ in terms of a specific  function of the angular coordinates. 

controlled  the  airfoil   thickness  ratio while the other coastant  controlled 
I The function  contained two arbitrary  constants. One of these  constante 
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the  airfoil  thickness  distribution  and  thus,  for  airfoils  of a given c 

thickness  ratio,  the  pressure  distribution and maximum  lift  coefficient. 
The  value  of  the  thickness-distribution  parameter  employed in deriving 
the NACA 1-006 section  gave  very  nearly  the  highest  predicted maximum 1 

lift  to  be  expected  of a 6-percent-thick  section  derived  from  the  par- 
ticular  type  of  $-function  employed. The value  of  the  thickness- 
distribution  parameter  employed in deriving  the NACA 2-006 gave an air- 
foil  with a somewhat  less  blunt  leadtng  edge-  and a slightly  reduced 
predicted  maximum  lift  coefficient  as  compared  to  the NACA 1-006. 

The  two  sections  which  form the-subject of  the  present  experimental 
investigation  were  derived  with  the  use  of  the  same  function  for the 
'#-paramet-er  as  that  employed in  deriving  the NACA 1-006 and NACA 2-006 
sections.  The  values of.the constant  which  controls  the  thickness  dis- 
tribution  were  chosen so that  the  leading  edges  of  both  of  the  sections 
of  the  present  investigation  were  less  blunt  than  those  of  the  two  sec- 
tions  considered  in  reference 1. The  two  sections  derived  are  designated 
RACA 3-06 and NACA 4-006 where  the  digits 3 and 4 are  merely  identifying 
numbers  and the-6 represents  the  maximum  airfoil  thickness  ratio.  Both 
sections  are  symmetrical  with  the  leading  edge  of  the MACA 4-006 being 
less  blunt  than  that  of  the M C A  3-006. The  values  of  the  parameter 4' 
at  the  leading  edge  for  the NACA 3-006 and NACA 4-006 sections  are 0.124 
and 0.097, respectively,  which,  according t-0 figure 4 of  reference 1, indi- ' 

cates  that  the  low-speed maxim lift  coefficient  of  the NACA 3-006 should 
be  approximately 1.16 whereas  that  of  the NACA 4-006 should  be  approxi- 
mately o 36. 

.. 

" 

. -  
a 

The  rear  portions of the  airfoils  derived  from  the  given  expression 
for  the  distribution of the  $-parameter  are  shown  in  reference 1 to  be 
impractically  thin.  (The  airfoils  are  shaped  like a tadpole.)  It was 
fmther pointed  out  in  reference 1 that  the  shape  of  that  portion  of  the 
airfoil  behind  the  position  of  maxirmrm  thickness had no  important  effect 
on  the  pressure  distribution  at  high lift coefficients.  The  portions  of 
the W A  1-006 and NACA 2-006 sections  behind  the  maximum-thicheas posi- 
tion  were  therefore  formed,  quite  arbitrarily,  by a straight-line  fairing 
from  the  trailing  edge to the  point  of tangency a short  distance  behind 
the  position of maximum  thickness. In an effort to obtain  some  further 
thickening  of  the  rear  portions  of  the NACA 3-006 and NACA 4-006 sections, 
-that  part of.the airfoils  extending  from  the  position of maximum  thickness 
to the  trailing  edge m s  made  to  conform  to  the  shape  given  by  the  poly- 
nomial  expression  employed  in  reference 3 for  determining  the  rear  portions 
of  the  modified NACA 4-digit  series  sections.  The  first  derivative waa 
made  continuous  at  that  point  where  the  front  and  rear  portio-  of  the 
airfoils  were  joined. 

The  ordinates  and  theoretical  velocity-distribution  data  for the 
NACA 3-006 and NACA 4-006 sections  are  given  in  tables I and 11. The 
method  of  employing  velocity-distribution daten the  form  given  to - 
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.r calculate  the  pressure.distribution  at low speeds  at any lift  coeffi- 

- W A  2-006, and mACA 64-006 sections  is  presented in  figure 1. 

cient  is  discussed in reference 4. A comparisoll  of  the  shapes of the 
NACA 3--OO6 and NACA 4-006 sections w i t h  those of the NACA 1-006, 

The  present  investigation was conducted  in  the  Langley  low- 
turbulence-pressure  tunnel.  The tunnel test  section is 3 feet  nide  and 
7& feet  high.  High  subsonic  sgeeds are attained  in  this  tunnel  by using 

Freon-12 as the  testing  medium  at presmea below  atmospheric,  whereas 
low-speed  tests  are  conducted  with  air as the  testing  medium  with  pres- 
m e 8  ranging f r o m  below  atmospheric  to 1 3  pounds  per  square  inch 
according  to  the  Reynolds m e r  desired.  Reference 5 contains a more 
complete  description  of  the tunnel while  reference 6 describes  more 
Fully  the use of Freon-12 as a testing  medium. 

2 .  . .- 

Models  and  Measuring  Equipment 

The  two-dimensional  models  used in the  present  investigation  were 
made of steel  machined  to  conform  to the ordinates of the NACA 3-006 
and NACA 4-06 airfoil  sections a s  given i n  tables I and 11, respectively. 
Each  model  had a 1-foot  chord and was so mounted as to span the  3-fOOt 
dimension of the  tunnel,  one  end  being  attached by- a Universal  joint  to 
the  two-dimensional-tunnel semispart strain-gage-type  balance in  such a 
way as to cause no constraint in yaw or  roll,  while  the  other  end  was 
pivoted  in a self-dining bearing  which  restrained only lift and  drag 
forces.  This  method of mounting  the  model  enabled  the  semispan  balance 
to  measure  one-half of the  lift  and drag forces an6 all  of  the  pitch- 
moment. A labyrinth-type  seal  was used where each-end of the  model 
extended through the  tunnel wall to  minimize any air-leakage  effects 
through the s lo t s  In the  tunnel wall. The  mounting-configwation 
details  are  illustrated in figure 2 while figure  3..shows a model  mounted 
in  the  tunnel  test  section. 

Measurements of the  lift  and  pitching  moment  were made with  the 
semispan  balance  at  both low and  high  subsonic  Mach  numbers. , Because of 
the  fact  that  the  degree of accuracy of  the  balance.  does not permit  reli- 
able  measurement of the  low  drags  encountered  at  the  lower  Mach  numbers, 
the  more  exact  wake-survey  method  for  measurement  was  used for.Mach 
numbers  below  about 0.8. The  wake-survey  rake  was  located  approximately 
1 foot  behind  the  trailing  edge of the  model. For the  higher  Mach 
number  range,  the  wake-survey  method  requires a tedious  point-by-point 
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measurement of the losses in the wake to-evaluate  the drag (see  ref. 7 
fo r  a more complete  discussion) , so that  the  balance was employed fo r  
drag measurement. It has been ehown in reference 1 that both methods 
of drag measurement are in'close-agreement for the  higher Mach  number 
range. 

Testa 

The low-speed tests  consisted of measurements of t h e - l i f t ,  drag, 
and pitching moment of the W A  3-006 and NACA 4-006 airfoi l   sect ions 
a t  Reynolds numbers of approximately 3 X 106; 6 X lo6, and 9. X 10 6 for  
the models in   the  smooth surface  condition-and a t  8 Reynolds nuniber of 
6 X 10 fo r  the models in   the  roughened surface  condition. The angle- 6 
of -attack  range  investigated was from approxbately -16O t o  1 6 O .  Tun- 
nel  pressures.were  regulated up t o  1 9  pounas per  square  inch so as  to 
limit the Mach  number t o  0.2 o r  less while attaining the deeired Reynolds 
number. Two locations for roughness were employed: one, the  so-called 
standard t n e ,  where the upper  and  lower surfaces were roughened from 
the  leading edge rearward 8 percent  chord  as measured along  the  surface, 
and the other where a quarter-inch-wide GpanAse s t r l p  beginning at 0.0% 
was roughened. The roughnee8 consisted of carborundum grains of approxi- 
mately  0.004-inch  diameter  -epread  over a coat of shel lac   in  such a manner I 

RS t o  cover from 5 t o  10 percent-of the  specified  area. 

The high-speed t e s t s  also  consisted of measurements of the lift, - 

drag, and pitching-moment characteristdcs of the NACA 3-006 and NACA 
4-006 airfoil sections. These t e s t s  were made in Freon-12 a t  a tunnel 
stagnation  pressure of approximately 16 inches  of mercury absolute a t  8 
Freon purity in excesa of 95 percent by weight: --Data were obtained f o r  
the model in the  smooth surface  con&ition only and for  a Mach  number range 
of from about 0.3 to  the Mach  number approximately  0.03 below tha t   for  8 

choking condition in the  tunnel. The Reynolds number varied from about 
3.0 x 106 for a Mach.  number of 0.35 to about 6.0 X 10 6 for  Mach numbers 
up to about 0.85. The angle-of-attack  range  covered was from Oo t o  ?o. 

CORRECTIOMS 

The data have  been corrected  for  tunnel-wall  effects,  uewg  the 
method diecussed in  reference 4 fo r  low Mach number data and . i n  refer- 
ence 8 fo r  high Mach nqrmber data. Angle-of-attack  corrections  involved 
were not  applied  because  they were very small for the  range of angle of 
attack  investigated. The data  recorded-using  Freon-I2 gas a6 the  testing 
medium were corrected and converted to  equivalent  air  data by the methods 
of reference 6. 

I - 
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R3ZSULTS AND DISCUSSION 

7 

Low-Speed  Characteristics 

Lift  data as  well a s  quarter-chord  pitching-mrnenk  data  for  the 
NACA 3-06 and NACA 4-006 airfoil  'section8  are  presented i n  figures &(a) 
and 5(a) while  drag  data  along  with  pitching-moment  data  referred  to  the 
aerodynamic  center  are  prese_nted  in figures 4(b) an9 5(b)  for three 
Reynolds  numbers.  Data  -are  presented in figure 6 illustrating  the 
effect  of  the  leaaihg-edgii  type of roughness as well 88 the strip  type 
o$ roughnesB on the  lift,.drag-and  quarter-chord  pitching-moment char- 
acteristics of the sections investigated.  A.cohparison of the lift and 
drag  characteristics of the NACA 3-006 and NACA 4-006 sections  with  thoae 
of the NACA 1-006, NACA 2-006, and mAI=A 64-006 sections as taken  from 
references I and 6 is presented in figue 7. 

- Lift. - As  can  be  seen from figures &(a) and 5( a), for a Reynolds 
number  of 9 x IO6,  the m a x i m u m  section  lift  coefficient  of  the NACA 3-06 
was 1.220 and that  of  the NACA 4-006 was 1.040. It is  apparent  from an 
examination  of  the  positive and negative  sides of the lift curve  that  the 
nose  section of the NACA 4-006 w a s  somewhat  unsymmetPical  as  evid-enced 
by the  differences in the maxim section lfft coefficients. A template 
check  of  the  model  leading-edge  section  revealed  tfiis  to  be  true  inasmuch 
as  the  lower  surface  appeared  good  while  the  upper  surface  did  not quite 
conform to  the  contour of the  template.  Because of this  difference,  the 
maximum lift  coefficients  quoted  for  the  section in this  paper m e  aver- 
ages of the  values  measured  at  positive and negative  angles of attack. 
Decreasing  the Reynolds nuniber from 9 X 10 to 3 X10  resulted  in a 
reduction  of 0.14 and 0.19 in the maximum section lift coefficient  for 
the NACA 3-006 and NACA 4-006 sections,  respectively. The largest 
decrease  occurred  between  Reynolds  numbere of 6 X lo6 and 3 X 10 with 

only a slight  decrease from 9 X lo6 to 6 X IO6. As-compared to the 
NACA 1-006.and NACA 2-006 airfoil  eections of reference 1, the  airfoils 
of  the  present  investigation  exhibit a slightly larger  scale  effect. 
The nature  of the Stall for  the NACA 3-OO6 section  changes from a fairly 

6 6 

6 

gradual type  at a. Reynolds  number  of 9 X lo6 to the  abrupt  type of stall 

at a Reynolds  number  of 3 X IO6, while  the NACA 4-606 section  retains 
the  gradual ty-pe  of  stall for the Reynolds numbers  investigated. 

Examination of figure 7(a) reveals  the F A  3-06 and NACA 4-006 
airfoil  sections  to  have  substantially  higher  maximum  section  lift 
coefficients  than  the NACA 64-006 section  at a Reyno lds  number  of 
9 x lo6. The maximum section  lift  coefficient  of  the  NACA 3-06 section 
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i s  approxwte ly  49 percent  higher  while  that,of  the NACA 4-006 is  about 
27 percent  higher  than  that of the NACA 64-06. It is  also apparent 
from figure 7( a) that-  both new a i r f o i l s  have slightly  higher  l if t-curve 
slopes  than  the NACA 64-006 section. Compared with  the NACA 2-006 sec- 
tion,  the  sections of the  present  investigation have lower maximum sec- 
t i o n  l i f t  coefficients,  with  that-of  the W A  4-006 section  being approx- 
imately  0.24  lower. It is also  apparent from figure 7 t h a t   t h e   s t a l l   f o r  
a l l  the   a i r fo i l s  is o f  a relatively  gradual  nature. 

The addition of the  so-called  standard  leading-edge  type of rough- 
ness  reduces  the  value of maximum section l i f t  coeff ic ient   for   the new 
a i r foFls   to  about 0.87 as shown i n  figure 6 ( a ) .  Inasmuch as  roughness 
does not  affect  the maximum l i f t  of the NACA 64-006 ( r e f .  4), the   a i r -  
foils   of  the  present  investigation.do  not appear to -  have any appreciable 
l i f t  advantage i n   t h i s  roughened state.  Addition of a quarter-inch-wide 
s t r i p  of  roughness  beginning at O.O5c, however, resulted in  virtually 
the -same maximum lift coefficient as for   the smooth surface  conditfon 
for  both new a i r f o i l s .  '. This  indicates that it is necessary t o  keep no 
more than  the f i r s t  5 percent  of  the upper and lower surfaces smooth t o  
obtain  the  high maximum l i f t   coeff ic ients   associated  with  the new sections. 

Pitching moment.-  The quarter-chord pitching-moment data  of fig- 
ures h(a), 5(a), and 6(a) as well as the  pitching moment referred t o  the 1 

aerodynamic center in figures  4(b) and 5(b) exhibit no unusual  character- 
i s t i c s   t h a t  warrant comment. 

Drag. - It is seen in   f igures  4( b) and 5( b) that both  the MACA 3-006 
and the NACA 4-006 a i r fo i l   sec t ions  had minimum section  drag  coefficients 
of  the  order  of 0.0055. The drag  polar of the NACA 3-006 section is simi- 
lar t o  those of the NACA 1-006 and W A  2-006 sections of reference 1 in 
that a characterist ic  dip was present a t  section lift cocfficients.of 
t O . 5  at which l i f t  values  the minimum drag  occurred.  This  peculiarity, 
as pointed  out in  reference 1, may be due to  the  presmre  gradient on 
one surface becoming less  adverse and the  relative  extent of laminar 
flow on this  surface  increasing as the l i f t  coefficient is varied from 
zero. The previously  noted asymmetry in the  lead--edge contour.of  the 
NACA 4-006 section model is again  apparent- in the drag data. The mACA 4-006 
exhibits a drag  polar  rather  similar  to  that  of a comparable NACA four- 
d ig i t   se r ies   a i r fo i l   sec t ion  a d  contains no very pronounced dip.  This 
i s  as w o u l d  be  expected  since  the  velocity  distribution of the NACA 4 - 0 6  
is not  greatly  different fram that of the NACA 0006 (see  table  I1 and 
r e f .  4).  The NACA 4-006 has a zero- l i f t   sect ion drag coefficie.nt about- 
0.0011 lower than  that  of the W A  3-006 section. The effect  of  Increasing 
the Reynolds number from 3 - X  lo6 t o  9 X 10 was favorable in' that low drags 6 
were maintained t o  higher l i f t  coefficients.  

. " 

It i s  evident from figure 7(b) t ha t  although  the NACA 64-06 has a 
m i n i m  drag  coefficient of the  order of 0.002  lower than  the NACA 3-006 - 
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. and NACA 4-006 sections -at -a Reynolds number of 9 X 106, the new a i r f o i l s  
have  lower drags fo r  lift co:efficients above 0.4. Prom t h i s  fr@;ure it is  
fmthe r  shown t h a t  the NACA 4-006 a i r fo i l   s ec t ion  has  lower  drag  co.efff- 
cients  than  the MACA 3-606 a i r fo i l   s ec t ion   fo r  lift coefficients up t o  
about 0.4, above which value  both  sections have similar drag values. 
Also apparent from figure 7fb) is t he   f ac t   t ha t   t he  NACA 4-006 section 
which i s  the least blunt of  the  new sections  has  the  lowest minimum drag 
i n   t h e  range  of lift coefficient from about -0.2 t o  0.2. 

The application of leading-edge  roughness  resulted i n  Increased drag 
throughout  the lift range for   both new a i r f o i l s  as seen in figures  6(b) 
and 6 ( c ) .  Both the MACA 3-006 and W A  4-006 sections w i t h  a quarter- 
inch-wide s t r i p  of  roughness s t a r t i ng  a t  0 . 0 5 ~  had approximately the same 
minimum drag a6 for  the  leading-edge  roughness  configuration. The signif- 
icant  difference in drag  resuLting from use of the roughness a t  0 . 0 5 ~  as 
compared t o  leading-edge  roughness w a s  that re l a t ive ly  low d r a g s  were 
maintained to  higher  values  of lift w i t h  t h e   s t r i p  type of  roughness. 
The application of  leading-edge  roughness  reaulted in approximately  the 
same m i n i m u m  drag for   the  sect ions under investigation as for %he 'NACA 
64-006 section (ref. 4). bu t   for  lift coefficients above about 0.3 the 
new sections  exhibited' Lowcr drags. . . . -  

* 
High-speed Characterist ics 

I The lift, pitching-moment, and drag data for   the  NACA 3-006 and 
RACA 4-006 a i r f o i l  se.ctions  have  been  plotted against Mach number f o r  
various  angles of a t tack  in figures 8, 9, and 10, respectively. Data 
are  presented up to a Mach  number no higher than 0.03 less than that 
for   tunnel  choking. Figure 11 8hWS a comparison of drag characterfstica 
against Mach  number fo r   t he  two a i r f o i l s  of the  present  investigation and 
the W A  1-006, NACA 2-006, and NACA 64-06  sectione from reference 1. 
The data  of figures 8, 9, and 10 have a l so  been cross-plotted s o  as t o  
present lift against  section  angle  of  attack, and pitching moment and 
drag  against lift a t   d i f f e r e n t  Mach numbers i n  figures- 12, 13, and 14, 
respectively.  Figures.12 -13 also include data for   the  IWCA 64-006 
a i r f o i l   s e c t i o n  aff taken from reference 1, while figure 14 includes data 
for  the  NACA 1-006, NACA 2-006, and W A  64-006 sections  as taken from 
reference 1. 

- Lift.- As can be seen from the d a t a  of figure 8 there  appear  to  be 
no very large  differences i n  the high-speed l i f t  character is t ics  of the  
NACA 3-006 and W A  4-006 sections.  Exmination of f igure 12 reveals 
the N K A  3-006 and NACA 4-006 a i r fo i l   s ec t ions   t o  have about the same 
lift character is t ics   as   the NACA 64-006 sect ion  for  Mach  nunibera up t o  
0.65 for   a l l   angles-of   a t tack  invest igated.   Since  tunnel   l imitat ions 
restricted  the  angle of a t tack  a t ta inable  a t  the  higher  subsonic Mach 
numbers, a maximum-lift comparieon cazlnot be made but  indications ,me - 
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that the NACA 64-006 would have a higher maximum lift coefficient  than 
the.new  a i r foi ls  above a Mach  number of 0.65. - 

Pitching moment.-  The quarter-chord  pitching moments for   the new 
sections  as  plotted i n  figure 9 show no significant  differences between 
the two sections  Investigated. A comparison of the pitching-moment data 
plotted  against li-ft coeff ic ient   for   dif ferent  Mach numbers with similar 
data from reference 1-for -the HACA 64-006 section  (fig.  13) reveals a l l  
three  sections t o  have essent ia l ly   the same pitching-moment character is t ics .  

. Drag.- The drag character is t ics  of f igure 10 Indicate  that, of the 
two a i r fo i l   s ec t ions  of the  present  investigation,  the NACA 4-006 section 
has slightly higher Mach numbers corresponding t o  drag  divergence f o r  
the  angles of attack  investigated. A comparison of the  variation i n  
drag with Mach  number far the NACA 3-006 and NACA 4-006 sections  with 
similar  data  for  the NACA 1-006, NACA 2-006, and W A  64-006 sectiona 
is presented i n  figure ll f o r  v&ow angles of attack. It i s  immedi- 
ately  apparent from these  resul ts   that   the  drag character is t ics  of the 
NACA 3-006 and NACA 4-006 represent a substantial  improvement over  those 
of the NACA 1-006 and NACA 2-006. It can  also be  seen from figure 11 
that, a t  zero  angle  of  attack,  the NACA 4-006 and NACA 64-006 sections 
have very  similar drag characteiist ics,  and that the drag coefficients 
of both of the new sections are consideralily lower than  those of the * 
NACA 64-006 section at angles of attack of 40 a d  60 for.Mach numbers 
Up t o  about 0.65. For Mach numbers above 0.65 there   are  no very  large 
differences between the  drag.characteristic6 of the NACA 3-006 and .n 

NACA 4-006 sections and those  of the NACA 64-006 section. 
. .  

Examination of *he same drag data glotted i n  polar form ( f ig .  14)  
again shows the  very marked  improvement in the  drag character is t ics  of 
the NACA 3-006 and NACA 4-006 sections  as compared t o   t h e  W A  1-006 and 
NACA 2-006 sections. The results presented. i n   f i g u r e  14 further show 
that  the  sections of the  present  investigation  have as good or   be t te r  
drag  characterist ics as those of the NACA 64-006 section  through  the 
en t i re  range of l i f t -coeff icfents   invest igated up t o  Mach numbera of the 
order of 0.65. For lift coefficients  less  than 0.4 the RACA 3-006, 
NACA 4-006, and NACA 64-006 sectione had essent ia l ly   the same drag 
character is t ics  up t o  a Mach number.of 0.73. In  general, a t  Mach numbers 
above about 0.65, the MACA 64-006 section had somewhat lower drags- 
than  the two n e w  sec t ions   for   l i f t   coef f ic ien ts  above a cer ta in  value 
which decreased %:__he Mach  number increaakd.  This  agparent  inconsistency 
with  the data presented a t  constant angles o f  a t tack i n  figure 11 
results from the   fac t  that higher lift coefficients are  measured far the  
NACA 64-06  than  for.  the new sections  faz the higher q l , e s  of  a t tack a t  
Mach numbers above 0.65. . 
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CONCLUDING REMARKS 

11 

An investigation  has  been made a t  both high and low subsonic Mach 
numbers of two symmetrical  6-percent-thick a i r fo i l   sec t ions   der ived   to  
have high maxim l i f t  a t  low speeds. These sect ions  differ  from previ- 
ous ly  investigated  sections  of  the same family in   that   the   bluntness  of 
their   leading edges has  been somewhat reduced. The lox-speed  portion of 
the  investigation was  made a t  Reynolds numbers of 3 X lo6, 6 X lo6, and 
9 X 106 f o r  Mach numbers less than 0.2. The high-speed investigation 
consisted  of  tests  through a Mach m e r  range extending from about 0.3 
to   tunnel  choking. The corresponding  Reynolds m k e r  range was from 
3 X 106 t o  6 X lo6. The following  conclusions  can  be drawn from t h i s  
investigation: 

1. Both new a i r fo i l   s ec t ions  had low-speed maximum section lift 
coefficients  higher  than  the NACA 64-006, one being 1.220 and the  other 
being 1.040 as compared t o  0.82 for   the  NACA 64-006. Application bf 
the  leading-edge type of  roughness  caused  reductions in   the  value of 
maximum l i f t   f o r  the new a i r f o i l s  t o  approximately  the same value as fo r  
other  6-percent-thick  airfoil   sections,  whereas application of  roughness 
beginning a t  0.05 chord resu l ted   in   the  same m a x i m u m  l i f t  as for   the air- 
f o i l   i n   t h e  smooth condition. c 

2. The drag  characterist ics a t  high BubSOniC speeds of the two see- - t ions showed a marked  improvement over  those of pre-+ously investigated 
blunt-nose a i r fo i l s   o f   t he  same family. For Mach qmbera from 0.30 t o  
0.63, the  drag  polars of the  two new sections had as good or better 
character is t ics  as those of the PIACA 64-006 section, A t  Mach nunibers 
above about 0.65 the NACA 64-006 section had  somewhat lower  drags than 
the two new sections  for l i f t  coefficients above a certain  value which 
decreased as the hhch number -increased. 

Langley Aeronautical  Laboratory, 
National  Advisory Committee fo r  Aeronautics, 

Langley Field, Va . 
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. TABLE I 

ORDINATES AND KELOCITY-DISPLIBUTIOI DATA FOR THE 
NACA 3-006 = o n  SECTION 

0 m2 

l A  (percent o) 
0 

2 oei2 
4e6g2 

-520 

. e.310 
12 31 

25.00 

18:%34 
20.00 

4-5.00 
50.00 

65.00 
70.00 

3% 

Z%:% 
93.00 
d .oo 

100.00 
95.00 

(percent c )  
9 

I L.E. radiue: 0.761 percent a 
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TABIS I1 

GXDINATES AND VELOCITY-DISTRIBUTION DATA FOR THE 
UACA bo06 AIRFOIL SECTION 

(percent c: 
X 

.4 a 6  

x/c 

(percent c)  
9 

0.56 percent o I 

. 
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MCA 1-006 Y 

EIGA 64-006 J 

Figure 1. - Comparison of the shapes of the NACA 1-006, N4CA 2-006, 
MACA 3-006, NACA 4-006, and NACA 64-006 a i r f o i l  sections, 



Figure 2.- Schematic drawing of model mmted in tunnel for force and 
moment measurements employing strain-gage balance, 
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Figure 4.- Low-speed aerodynamic  characteristics of the I r I A c A .  3-006 al r -  
foil section; plain airfoil in smooth swface condition. 
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(b) Section drag characteristics and section  pitchlng-wrment 
characteristics about the  aeroaynamic  center. 

Figure 4.- Concluded. 
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Figure 5.- Lar-speed aerodynamic charactefi13tics O f  the i'i&X 4-06 air- 
f o i l  aection; p l a i n  airfoil in smooth surface  condition. 
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Figure 5.- Concludea. 
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(a) Section  lift  characteristics and section  pitching-moment 
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Figure 6.- Effect of roughness and roughness  location on the  aeroa)mamic 
characteristics of the RACA 3-006 and NACA 4-006 a i r f o i l  sections, 
R = 6 X lo6. 
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(b) Section drag characteristics of the NACA 3-006 airfoil  section. 

Figure 6.- Continued. 



24 - NACA RM L52102 

. 048 
o w  

. O M  

-036 

.032 

.028 

.024 

.020 

.016 

.012 

. 008 
004 

0 smooth 
leading-edge rou hnees- 
roughneee a t  0 . 0 5  

0 I I I . I  I I I 

-1.2 -.8 0.4 0 .4 .8 1.2 1.6 

S e c t i o n  l i f t  c o e f f i c i e n t ,  at  

(c)  Section drag. characterist ics of the.NACA 4-006 a i r f o i l  section. 

Figure 6.- Concluded. 
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(b) Drag polar comparison. 

Figure 7.- Concluded. 
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Figure 8.- Variation of section lift coefficient with  free-stream Mach 
number for ;the NAcA 3-006 and WlCA 4006 a i r f o i l  sections in a smooth 
surface condition at several angles of attack. 
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Figure 9.- Variation of sect ion  pi tching-ment   coeff ic ient  w i t h  free- 
stream Mach number f o r  the NACA 3-006 and NACA 4-006 a i r fo i l   sec t ions  
i n  a smooth surface  condition at several angles of attack. - 
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(a) NACA 3-006 a i r f o i l  sectfon. 

Figure 10.- Variation of section drag coefficient  with  free-stream Mach .. number fo r   t he  NACA 3-006 and NACA 4-006 a i r fo i l   sec t ions  i n  a smooth 
surface  condition at several  angles of attack. 
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Free-etream Hauh nunbar, H 

(b) NACA 4-006 a i r f - o i l  section. 

Figure 10.- Concluded. 
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Figuxe 11.- Variation o f  section drag coefficient  with free-stream Mach 
number for several 6-percent-tMck airfoil SeCtiOIIE at tbree angles 
of attack. 
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Figure 11.- Concluded. 
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Figure E.- Variation of the  section lift coefflcient  with angle of 
attack for  the W 3-006 and RACA 4-006 airfoil sections as com- 
pared with the NACA 64-006 airfoil section at various Mach numbers. 
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Figure 13.- Variation of section pitching-moment coefficient  about  the 

ItACA 3-006 and I'iACA 4-006 a i r fo i l   s ec t ions  a6 compared with the 
UCA 64-006 airfoil section at variom Wch nMers .  
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Figure. 14. - Variation of sectTon drag coefficient with section lfft 
coefficient  for f ive  6-percent-thick  symmetrical MCA ai r fo i l   sec-  
t ions at ~ a r f o u s  Mach numbers. 
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